Background: There are limited data on patients aged 75 years with myocardial infarction (MI), especially those who are treated conservatively. Hypothesis: There are important differences in the clinical characteristics and outcome between elderly MI patients selected for invasive or conservative treatment strategy. Methods: A total of 1,413 elderly patients (75 years old) admitted to Sahlgrenska University Hospital, Gothenburg, Sweden with a final diagnosis of acute MI in 2001 or 2007, were divided into two groups, those who underwent a conservative treatment strategy (conservative group [CG], n=1,169) and those who underwent coronary angiography and were revascularized if indicated (invasive group [IG], n=244). Results: Other than higher age in the CG, there were no significant differences in traditional risk factors such as hypertension, diabetes, and smoking in the two groups. A higher proportion of patients in the CG had a history of heart failure and cerebrovascular disease. The hazard ratio (with 95% confidence interval), adjusted for potential confounders, for 5 year mortality in the IG in relation to the CG was 0.49 (0.39, 0.62), P0.0001. Overall, in the elderly with MI, the proportion who underwent an invasive treatment strategy doubled from 12% in 2001 to 24% in 2007, despite a slightly higher mean age. Conclusion: Elderly patients with MI in the CG (no coronary angiography), were generally older and a higher proportion had chronic diseases such as congestive heart failure and cerebrovascular disease than those in the IG. Our data suggest that the invasive treatment strategy is associated with better outcome. However, randomized trials will be needed to determine whether revascularization procedures are beneficial in elderly patients with MI, in terms of less symptoms, better outcome, and improved quality of life.
Introduction
Clinicians can be faced with difficult decisions regarding elderly patients with myocardial infarction (MI). One basic but major medical decision is whether or not to perform a coronary angiography, due to unclear benefit associated with revascularization 1 and also higher risk. 2, 3 According to large clinical trials, 4, 5 revascularization with percutaneous coronary intervention (PCI) or coronary artery bypass graft (CABG) in patients with MI rather than a less aggressive medical treatment approach leads to better outcomes and is generally accepted as standard. But this does not necessarily hold true for certain subsets of under-represented groups in clinical trials, such as the elderly. This gap in evidence-based medicine can partly be explained by the fact that elderly patients often meet exclusion criteria in studies due to comorbidity, or due simply to exceeding the upper age limit.
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Observational studies without consecutive enrollment tend to have fewer elderly patients included, especially those with high comorbidity, leading to risk of selection bias.
How clinicians treat the elderly with MI is often done on a case-to-case basis, since old people are a very heterogeneous group. The clinical setting, comorbid diseases, cognitive function, and patient preference are factors that often influence the decision-making process. 7 There is no ideal dedicated calculator of risk in the elderly, and in the general ones -eg, the GRACE (Global Registry of Acute Coronary Events) ACS (acute coronary syndrome) risk model 8 -advanced age is associated with worse outcome in terms of mortality. But risk of procedure-related complications and benefit in terms of less symptoms and better quality of life, which are important factors in the elderly, can be difficult to assess in individual elderly MI patients.
The aim of the present study was to explore differences between elderly MI patients selected for invasive or conservative treatment strategy regarding previous history, clinical presentation, in-hospital events, and long-term mortality of elderly patients with MI.
Materials and methods location of study
Gothenburg is the second largest city in Sweden with approximately half a million inhabitants. The total population of Sweden is around 9 million.
Patients
All patients admitted to Sahlgrenska University Hospital in Gothenburg were screened retrospectively using the Swedish National Patient Register in two different 1 year time periods, 2001 (2001-2002) and 2007. Patients who were given the discharge diagnosis of acute MI (both STelevation MI or non-ST-elevation MI) were evaluated for inclusion.
Inclusion criteria
The following three conditions were required: 1) living in the city of Gothenburg, 2) hospitalized alive between 1 July 2001  and 30 June 2002, or between 1 January and 31 December 2007,  3) given a discharge diagnosis of acute MI, and 4) aged over 75 years (ie, had at least reached their 75th birthday).
exclusion criteria
There were no exclusion criteria.
Definitions
Conservative treatment strategy: patients who did not undergo coronary angiography during their first hospitalization.
Invasive treatment strategy: patients who underwent coronary angiography, followed by revascularization if indicated (PCI or CABG), during their first hospitalization. The decision whether to treat the patient with the invasive treatment strategy or not was made by the treating physicians, who were not aware of this study (retrospective data collection).
Previous history
Smoking: regular smoking or stopped smoking less than 30 days prior to hospital admission.
Previous MI: documented previous MI or silent MI on electrocardiogram (ECG).
Previous angina pectoris: angina pectoris with duration of 3 weeks or more prior to hospitalization. Patients with stable angina pectoris, unstable angina pectoris, symptoms equivalent to angina pectoris, syndrome X, and chest pain where nitroglycerin had an immediate pain relieving effect were also considered.
Peripheral vascular disease: intermittent claudication, peripheral bypass surgery, abdominal or thoracic aortic aneurysm, carotid stenosis or previous carotid endarterectomy. Previous peripheral vessel angioplasty, extremity gangrene, acute artery insufficiency, non-invasive or invasive vascular study documenting peripheral vessel disease.
Cerebrovascular disease: a history of a transient ischemic attack or stroke.
Connective tissue disease: examples: systemic lupus erythematosus disseminatus, scleroderma, dermatomyositis, rheumatic diseases etc.
Renal disease: known previous renal disease or elevated creatinine.
ECG criteria: the ECG definition of acute myocardial ischemia in the absence of left bundle branch block, right bundle branch block, and pacemaker rhythm with new ST-elevation at the J point in two contiguous leads with the cut-off points of 1 mm (0.1 mV) in all leads other than leads V 2 -V 3 , where the cut-off points of 2 mm (0.2 mV) in men and 1.5 mm (0.15 mV) in women apply. In cases of ST-segment depression, those regarded as manifestations of acute myocardial ischemia were a down-sloping ST segment with J-point depression of 0.5 mm (0.05 mV) in at least two contiguous leads. "Contiguous leads" refers to anterior leads (V 1 -V 6 ), inferior leads (II, III, aVF), or lateral/apical leads (I, aVL).
events in hospital and during follow-up
Congestive heart failure: by clinical diagnosis.
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Cardiogenic shock: this was defined if any of the following three conditions applied: 1) systolic blood pressure below 80 mmHg in ambulance or on admission to hospital; 2) cardiogenic shock was mentioned in the case record forms; or 3) patients required inotropic medication in order to maintain systolic blood pressure above 80 mmHg.
Hypotension: systolic blood pressure below 80 mmHg on two or more occasions or with at least a 5 minute interval, or treatment with an aortic balloon pump or inotropic drug therapy due to hemodynamic instability.
Death: information regarding date of death or confirmation of survival was obtained from the Swedish National Population Registry.
Statistical methods
All percentages are presented as crude results (ie, not adjusted for age). When we compared age between treatment groups (Table 1) , Mann-Whitney U-test was used. All other P-values were age-adjusted using multiple logistic regression. Multiple logistic regression was also used for analysis of time period by treatment approach interaction.
The Kaplan-Meier method was used for estimation of 5 year survival. For calculation of hazard ratio with corresponding 95% confidence interval (adjusted for all variables in Table 1 and also for heart failure and chest pain at presentation), Cox proportional hazards model was used. For survival analysis, only the first admission for those with multiple visits was included. All tests were two-sided, and P-values below 0.01 were considered statistically significant. All analyses were performed using SAS v9.3 software (SAS Institute Inc., Cary, NC, USA).
Results
In total, 1,413 elderly patients were included, 1,169 in the conservative group ( factors such as hypertension, diabetes, and smoking were not significantly different in the IG and the CG (Table 1) .
Patients who were treated at a hospital with PCI facilities had a higher proportion of elderly patients who underwent a coronary angiogram, 21% versus (vs) 13%, P=0.003.
Only one patient was lost to follow-up (at 355 days), due to emigration. Two patients (one in 2001 and one in 2007) underwent an in-hospital CABG but had coronary angiography performed before hospitalization, therefore meeting the criteria for inclusion in the CG. The difference between the IG and CG regarding prior atrial fibrillation was significantly smaller in 2007 than in 2001 (P=0.003 for time period by treatment interaction).
Factors defining the CG
The patients in the CG were generally older, had more comorbid disorders, and had poorer outcome than those in the IG. More patients in the CG had previous congestive heart failure and cerebrovascular disease than the patients in the IG. There were no significant differences regarding the other co-morbidities studied (cancer, renal disease, and connective tissue disease). Previous history of congestive heart failure was more than three times higher in the CG than in the IG (41% vs 13%, P0.0001).
Also, a lower percentage of patients in the CG had typical symptoms and signs of MI, such as chest pain (76% vs 93%, P0.0001) and ECG with ST-elevation indicating myocardial ischemia (8% vs 26%, P0.0001), as shown in Table 2 . 
Treatment was shifting towards PCI
Outcome
In-hospital death and events such as pneumonia and congestive heart failure were more common in the CG than in the IG (Table 3 ). More than one third of the patients in the CG had congestive heart failure during hospitalization but the corresponding proportion for the IG was less than one fifth (P0.0001). The unadjusted Kaplan-Meier survival estimates in the IG and CG for each time period are shown in Figure 1 . When we adjusted for potential confounders, as described in Statistical methods, there was a significant difference regarding 5 year mortality in favor of the IG (hazard ratio 0.49, 95% confidence interval 0.39-0.62, P0.0001).
Discussion
In this study of elderly patients hospitalized for MI, we found differences in previous history, presentation, in-hospital events, and outcome between patients in the conservative treatment strategy group and those in the invasive treatment strategy group.
The invasive treatment strategy is on the increase
Even though the proportion of patients in the IG doubled between 2001 and 2007, we believe that 24% is still a low percentage. A study from 2008 showed that elderly patients were less likely to undergo PCI than younger cohorts, and among the oldest (80 years old), 20% underwent PCI for NSTEMI and 30% for STEMI, which is in line with our results. 9 More recent studies have also shown increasing PCI in the elderly, especially in STEMI patients. 10, 11 This could be due to increased availability of PCI, to physicians not discriminating against patients based on age and becoming more comfortable about performing procedures on the elderly, to the aging population in general, and to emerging evidence in favor of PCI. 12, 13 Still, practical risk-scoring systems should be developed to help clinicians and patients better understand the risks and benefits associated with the invasive treatment strategy in elderly people with MI.
heart failure Heart failure and cerebrovascular disease were common in elderly people who were not referred for a coronary angiography, which is in line with another observational study. 14 One possible explanation would be that heart failure patients have higher levels of cardiac enzymes, especially elderly patients, and they more often have baseline ECG changes, making the diagnosis of MI more difficult. Another factor that could play an important role is uncertain benefit from Notes: *For difference between conservative and invasive treated groups (age adjusted); **for time period by treatment interaction; a 1%-5% missing. Abbreviations: Cons, conservative; Inv, invasive; CABg, coronary artery bypass graft; PCI, percutaneous coronary intervention; AMI, acute myocardial infarction. Dovepress revascularization due to myocardium that is considered to be non-salvageable. Elderly PCI-treated patients with low ejection fraction have a high risk of dying in hospital 15 and a higher risk of complications with invasive procedures; thus, risk may outweigh benefit. A recent study showed high N-terminal of the prohormone brain natriuretic peptide (NTproBNP) a marker of heart failure measured in serum, to be an independent predictor of death in the elderly. 16 The groups differed in many ways
The 5 year survival in the CG was worse than in the IG, which is to be expected because of the higher age and competing risks due to other diseases, as we have shown. Even in the multivariate analysis where we adjusted for potential confounding factors in order to minimize selection bias, the result was similar. Our data therefore suggest that the invasive treatment strategy is associated with better outcome. But the purpose of our study was not to be able to recommend one treatment strategy over the other. That must be addressed with a proper randomized clinical trial.
Surprisingly, previous history of cancer and renal disease did not turn out to be statistically significantly different in the IG and the CG. This finding could be based on the low incidence rates thus the power to detect smaller differences in these cases are lower.
Physical frailty has gained more attention and has been associated with bad outcome in STEMI, 17 but is thought to be observer-dependent, with risk of misclassification. In the present study, no information on physical frailty was available.
Challenges and future opportunities
Dedicated randomized clinical trials in the elderly have been difficult to complete due to slow enrollment. 1, 18 Also, numerous differences have been observed between elderly patients enrolled in community studies and clinical trials: trial patients are younger, they have lower prevalence of traditional risk factors, they have fewer comorbidities, they have less renal failure, and they have better hemodynamics. 19 Thus, observational and community studies still remain important when trying to study clinical outcomes and practices in patients of high age. But, as touched upon before, this group can be difficult to study due to heterogeneity and risk of bias.
strengths of the present study
The strength of this study is that we included all the elderly patients who were hospitalized for MI within a certain catchment area and gathered detailed information on these patients. The patients were not selected through admission to a specialized cardiology department, through inclusion in a randomized clinical trial, or due to the fact that they had undergone a coronary intervention. In addition, patients were identified and information regarding mortality was collected by using Swedish registries -which have very few data missing, a high degree of quality control, and high validity.
limitations of the study
The limitations of this study are the retrospective collection of data and the fact that the final diagnosis of MI had not been scrutinized. There was some missing data, most importantly, ECG recording was available in 46%-85% of the patients. For this reason, we could not subdivide the groups according to acute coronary syndrome subgroup (STEMI, NSTEMI). We did not have any information about the cognitive status of the study participants, which made it impossible to calculate the comorbidity index. Also, elderly patients who died from acute MI before reaching hospital were not included. There turned out to be fewer patients in the 2007 group than in the 2001 group, and the reason for this is not known. We believe that at least two factors may explain this difference: 1) an overall lower incidence rate of MI patients in Sweden, 20 and 2) more frequent screening for heart failure (with brain natriuretic peptide blood levels) in later years, which might result in more elderly patients being given a final diagnosis of heart failure, and therefore fewer being given a final diagnosis of MI.
Conclusion
Elderly patients with MI in the conservative treatment strategy group (no coronary angiography) were generally older and had more chronic diseases such as congestive heart failure and cerebrovascular disease than those in the invasive treatment strategy group. Our data suggest that the invasive treatment strategy is associated with better outcome. However, randomized trials are needed to determine whether revascularization procedures are beneficial in terms of less symptoms, better outcome, and improved quality of life in the elderly with MI. Such a trial is currently running in Sweden and is still recruiting patients. Clinical Interventions in Aging is an international, peer-reviewed journal focusing on evidence-based reports on the value or lack thereof of treatments intended to prevent or delay the onset of maladaptive correlates of aging in human beings. This journal is indexed on PubMed Central, MedLine, CAS, Scopus and the Elsevier Bibliographic databases. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress. com/testimonials.php to read real quotes from published authors.
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